Introduction
Despite the great clinical improvement in the treatment of patients with various malignancies, esophageal cancer is still one of the most significant global health problems. The incidence is increasing in the People's Republic of China, and the 5-year overall survival (OS) rate for the whole stages is dismal with no better than a mere 20%-30%. [1] [2] [3] Traditionally, esophagectomy plays the pivotal role in the treatment of esophageal cancer, especially for the early-stage patients. However, less surgery was performed for geriatric patients because of safety consideration. A series of reports have revealed that patients older than 70 years have a relatively high postoperative mortality rate (4.5%-60%). [4] [5] [6] Definitive concurrent chemoradiotherapy (CCRT) has also been considered to be the standard treatment option for patients with localized or locally advanced esophageal cancer who refuse surgery or have no indication for esophagectomy, for which geriatric patients constitute a great proportion as indicated by the Radiation Therapy Oncology Group (RTOG) 85-01 trial. 7 5-Fluorouracil (5-Fu) combined with cisplatin has also been confirmed as a standard chemotherapy regimen since then. However, the efficacy of this regimen was only ~25%-35%, and the median survival time was no better than 16 months in patients with advanced esophageal cancer. Thus, exploring other potent radiosensitizers and more tolerable chemotherapy regimens in geriatric patients are gaining momentum.
As an oral pyrimidine fluoride-derived anticancer agent, S-1 combines 5-Fu prodrug (tegafur) and two modulators of 5-Fu metabolism, gimeracil (CDHP) and oteracil. 8 S-1 has been widely used in a variety of solid tumors, including colorectal cancer, non-small-cell lung cancer, head and neck cancers, and gastric cancer in Japan and the People's Republic of China. Compared with tegafur-uracil (UFT), another oral fluoropyrimidine derivative without CDHP, S-1 has been suggested to be more effective on radiosensitivity for human non-small-cell lung cancer xenografts in mice. 9 As revealed by clinical studies, S-1 as monotherapy achieved an objective response rate of 34.1% in those patients with progressive or recurrent head and neck cancers, 10 while for stage II/III esophageal cancer, S-1 combined with cisplatin led to a complete response (CR) rate of 59.5% (90% confidence interval [CI], 44.6%-73.1%) with favorable toxicity profile. 11 To the best of our knowledge, there are few studies regarding the regimen of CCRT using S-1 as monotherapy and maintenance chemotherapy for patients with geriatric esophageal cancer.
Based on these backgrounds, we conducted this study to evaluate the feasibility and efficiency of CCRT with S-1 for elderly patients with esophageal cancer in our institute. We defined an elderly population as subjects aged $70 years according to a series of recent studies.
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Patients and methods ethics statement
The institutional review board of Zhejiang Provincial People's Hospital approved this study, and written informed consent was obtained from all patients before treatment initiation.
Patients' workup
Between January 2009 and December 2010, 172 patients with newly diagnosed esophageal cancer who underwent CCRT at the cancer center of Zhejiang Provincial People's Hospital were screened. Among them, 68 patients aged .70 years and using S-1 as monotherapy and maintenance chemotherapy were retrospectively studied. The main reasons for contraindication of surgery were as follows: rejection of surgery (n=26), advanced age (n=19), tumor location (n=14), and severe comorbidity (n=9).
The inclusion criteria in our study were as follows: 1) histologically proved esophageal cancer; 2) clinical stages according to the 2002 (Version 6.0) American Joint Committee on Cancer staging system; 3) Eastern Cooperative Oncology Group performance status (ECOG PS) 0-2 (for patients with a PS score of 2, CCRT was performed with cautious after being discussed by the multidisciplinary treatment team); 4) no severe bone marrow, hepatic, renal, respiratory, and cardiac dysfunction; and 5) no prior chest chemoradiotherapy received. Patient's baseline characteristics (dysphagia, weight loss, albumin, and comorbidities) were also collected. Dysphagia degree was evaluated with the Atkinson score, 16 while the Charlson score was adopted to analyze the comorbidities of patients, which was based on 19 medical conditions. 17 
Treatment schedule and dose modification
Typically, the standard S-1 dose was calculated according to the patient's body surface area with 60-80 mg/m 2 /d for xanthoderm. One treatment course consisted of consecutive twice daily administration for 4 weeks followed by a period of rest for 2 weeks. However, S-1-related toxicities were suggested to appear ~14-21 days after the initiation of treatment. Further research assessed a new treatment scheme with 2 weeks dosing administration and then a 7-day drugfree interval. This treatment administration was associated with less adverse events and similar treatment response. 18 Considering the feasibility of this new treatment drug at that time and accommodating the effectiveness, patients received S-1 with a dose of 80 mg/m 2 /d twice daily for 2 weeks in our cancer institute.
Radiotherapy was given concurrently on the first day of the fist cycle of S-1 and was delivered with 6-10 Mv X-ray accelerators using the three-dimensional conformal technique. Before radiation, patients were positioned in an immobilization device, and a planning enhanced computed tomography (CT) scan was made. The gross tumor volume included the primary tumor and any enlarged lymph nodes. For regional lymph nodes, the supraclavicular, upper mediastinal, and subcarinal lymph nodes were irradiated for proximal esophagus. The mediastinal and perigastric lymph nodes were included for tumors of the middle or lower esophagus, to which the celiac lymph nodes were included for lower segment cancers. The clinical target volume (CTV) was defined as the gross tumor volume and a 3 cm margin in the superior 
evaluation and follow-up
All patients were hospitalized and monitored weekly during the CCRT course for acute treatment toxicity. Toxicity of the treatment was assessed based on the National Cancer Institute Common Terminology Criteria for Adverse Events v3.0. We evaluated clinical response of the patients with the Response Evaluation Criteria in Solid Tumors 2-3 weeks after the completion of CCRT. Follow-up was regularly carried out every 1 month in the first half of 1 year, every 3 months in the second year, and every 6 months after 2 years. Moreover, telephone follow-up was required once a week during the maintenance S-1 treatment to make sure these patients intake S-1 certainly. Any recurrent disease, locoregional and/or distant, was defined as treatment failure. The failure models were evaluated using posttreatment esophagogram, endoscopy, CT, or integrated positron emission tomography/ CT (if available) scans. And relevant data were compared with the original CT-based radiation treatment plans.
statistical analysis
Statistical analyses were conducted using Statistical Package for the Social Sciences 18.0 (SPSS Inc., Chicago, IL, USA). OS was determined as the time (in months) between the first day of therapy and the last follow-up or the date of death. Progression-free survival (PFS) was defined as the internal between the data of CCRT initiation and the data of documented failure or the date of the last follow-up for those remaining without any progressive disease. Kaplan-Meier method was applied for the survival curves. Univariate and multivariate Cox regression analyses were generated to estimate the hazard ratio (HR) with 95% CI for OS and PFS. Significant risk factors identified in univariate analysis were subjected to a multivariate analysis with adjustment for the relevant covariates. P-value ,0.05 was considered statistically significant.
Results
Patients and tumor characteristics
Sixty-eight patients were finally included in this analysis. Clinical baseline characteristics are detailed in Table 1 . The median age of the patients was 76 years, ranging from 70 years to 88 years old. Fifty-nine patients were male, and nine patients were female. Forty-two (61.8%) patients had a good ECOG PS score (0-1). A total of 38.2% of patients had a severe dysphagia of $2, and 30.9% of patients had an initial weight loss of .10% in 6 months. The median Charlson score was 3, and the most common comorbidity for this cohort was All patients received response evaluation, which was conducted after 2-3 weeks following the last radiotherapy session. Thirty-five patients (51.5%) achieved CR, while the overall response rate (ORR; CR + PR) was 88.2%. Meanwhile, three patients had progression diseases. At the end of the last follow-up by December 31, 2015, 55 patients experienced treatment failures. The recurrent sites were as follows: 37 for locoregional and residual disease, eleven for distant metastasis, and seven for both sites.
acute and late treatment-related toxicities
The acute toxicity profile related to the treatment was listed in Table 3 . Toxicity reactions were assessed in all 68 patients. The most common hematologic toxicity during CCRT was grade 4 neutropenia and leucocytopenia in two (2.9%) patients and five (7.4%) patients, respectively. Grade 3 neutropenia and leucocytopenia were seen in twelve (17.6%) patients and eight (11.8%) patients, respectively, and among these patients, 13 patients were aged .75 years. Most patients recovered by using granulocyte colony-stimulating factor. There were three (4.4%) patients with grade 3 thrombocytopenia and two (2.9%) patients with grade 3 anemias. A total of 49 (72.1%) patients received all grade esophagitis including seven patients experiencing grades 3 and 4 (six patients for grade 3 and one patient for grade 4). Other grade 3 nonhematologic toxicities during CCRT included dysphagia (5.9%), nausea/vomiting (7.4%), and fatigue (4.4%). During the maintenance chemotherapy, neutropenia was observed to be the most common grade $3 hematologic toxicity (14.7%), while there were only six patients with severe leucocytopenia. Five (7.4%) patients still had grade $3 esophagitis during the maintenance treatment course including one patient with grade 4. Nausea/vomiting (5.9%) and dysphagia (4.4%) ranked the second and third places, respectively. There were hypertension (n=30). Diabetic (35.3%) and peripheral vascular or cerebrovascular disease (14.7%) ranked the second and third places in the data, respectively. Detailed tumor characteristics before treatment are shown in Table 2 . There were mainly T 3-4 stage tumors (80.9%) and squamous cell carcinoma (n=63, 92.6%). A total of 61.8% (n=42) of patients were recorded with stages III and IV and the locations of the tumors were as follows: upper third (20.6%), middle third (47.1%), and lower third (16.2%). Majority of tumors were .5 cm in length (58.8%). no patients who died of acute treatment-related toxicities. In terms of late toxicities, ten (14.7%) patients received all grade esophageal stenosis and seven (10.3%) patients experienced radiation-related pneumonitis. Thus, toxicities of this regimen appeared to be well tolerated.
Treatment compliance and tumor response to ccrT
survival and prognostic analysis
The median follow-up period was 42.7 months (range, 1.9-66.3 months), and the median OS time was 25.7 months (95% CI, 19.7-31.6). The 1-year and 3-year OS rates were 70.6% and 41.8%, respectively, while the 5-year OS rate was 25.9%. At the last regular follow-up, six patients survived .60 months (including four patients without any progression). For patients older than 75 years, the 1-year and 3-year OS rates were 72.4% and 47.6%, respectively. The median PFS was 21.5 months (95% CI, 16.7-26.2), and 1-year, 3-year, and 5-year PFS rates were 68.1%, 32.9%, and 15.9%, respectively (Figure 1 ). For patients older than 75 years, the 1-year and 3-year PFS rates were 67.9% and 38.9%, respectively.
We then conducted univariate analyses to identify the association between specific variable and survival of the patients, as shown in Table 4 Multivariate analysis was further performed to explore the possible independent prognostic variables, and the covariates that were significant in the univariate analysis were included. As suggested, the cycles of S-1 (HR 0.305, P=0.004 and HR 0.275, P,0.001, respectively) and clinical response (HR 2.165, P=0.023 and HR 1.872, P=0.040, respectively) were independent prognostic factors for OS and PFS in elderly patients with esophageal cancer (Table 5) .
Discussion
Increasing life expectancy has led to more elderly patients with cancer being referred for treatment, and it must be recognized that they could be acquired invaluable benefits if nonpalliative care could succeed to increasing their lifetime, which would just be an advantage from a broad range of socioeconomic fields, including medical progress. But the fact is that elderly patients with esophageal cancer were often underrepresented in most clinical trials. Traditionally, geriatric patients were considered to have less reserve of body function and more comorbidities compared with younger patients, and CCRT offers us an opportunity to have comparable clinical outcomes with less treatment-related toxicities compared with surgery. Based on the landmark RTOG 85-01 trial, 7 5-Fu with cisplatin as a combined treatment regimen has been suggested as the standard radiosensitizers in esophageal cancer. However, in the CCRT arm of the RTOG 85-01 trial, there was one treatment-related death out of the 61 patients occurred, while severe (grade 3) and fatal (grade 4) side effects were observed in 44% and 20% of the included patients, respectively. Moreover, only 26% of elderly patients were enrolled; thus, the suitability of CCRT for the elderly remained unclear. Subsequently, studies have been performed to investigate whether 5-Fu/ cisplatin and radiotherapy were suitable for elderly patients, and the results revealed that the proportion of moderate-tosevere side effects and treatment-related deaths for elderly patients was relatively high. Tougeron et al 15 retrospectively reviewed 109 elderly patients with nonmetastatic esophageal cancer who mainly treated with 5-Fu/cisplatin with radiotherapy (50-55 Gy). In this study, the 2-year OS rate was 35.5% and grade $3 adverse events were observed in 23.8% patients. 15 In another retrospective analysis, 22 patients older than 75 years received CCRT consisting of two cycles of platinum/5-Fu with radiation therapy (50-50.4 Gy) and additional chemotherapy when appropriate. The 3-year OS and PFS rates were reported to be 33.3% and 25.9%, respectively. However, there were up to four suspecting treatment-related deaths, and the proportion of patients who had fatal (grade 4) thrombocytopenia and leucocytopenia was 18% and 14%, respectively. 19 These studies suggested a possible role of CCRT for elderly esophageal cancer. However, optimal treatment combination and protocol for chemotherapy still needed extensive studies.
As aforesaid, S-1 could inhibit dihydropyrimidine dehydrogenase activity and thus increase therapeutic plasma 5-Fu concentrations, which reduced gastrointestinal side effects among the dose-limiting toxicities of 5-Fu. 20 Of the 68 patients included in this study, 75.0% of patients finished CCRT on schedule, including 48 (70.6%) patients without changing treatment regimen. The full dose of CCRT completion rate was much higher than RTOG 85-01 trial, in which all cycles of CCRT could be administered as planned in 33 of the 61 (54%) patients. 7 S-1 was also considered to have several advantages over 5-Fu. Pharmacokinetic studies have proven that the half-life of plasma concentrations of 5-Fu after oral S-1 was significantly prolonged compared with that of 5-Fu after intravenous administration. 21 In addition, S-1 could be given on a daily basis, which is active for fractionated radiotherapy and is quite convenient for elderly patients. 22 The completion rate in this study was also in-line with our recent report which used paclitaxel/cisplatin and 60 Gy radiotherapy for elderly patients with esophageal cancer. In that study, 80.5% of patients completed CCRT on schedule with 67.1% of patients without changing treatment plan. 23 In general, favorable complications related to this regimen supported that S-1 with radiotherapy was a promising and neutropenia (50%), while there was no treatment-related death. Although they did not meet the primary endpoint, in respect of the CR rate, authors concluded that the combination of S-1 and cisplatin showed an acceptable toxicity and favorable survival outcomes. 11 In 2008, Cho et al 20 also conducted a prospective study for locally advanced or metastatic esophageal squamous cell carcinoma. Patients were assigned to receive S-1 (70 mg/m 2 /d for 2 weeks) and cisplatin (70 mg/m 2 on day 1) every 3 weeks with concurrent 54.0 Gy radiotherapy; maintenance chemotherapy was repeated up to six cycles after CCRT. Results showed that the major hematological toxicity was neutropenia and asthenia and vomiting (mostly of grades 1 and 2) appeared to be the main nonhematological toxicities. They also suggested that CCRT with S-1 and cisplatin might be a promising nonsurgical treatment strategy for patients with esophageal cancer. 20 Both of the enrolled patients in the above two studies were relatively young patients (mean ages were 62 years and 65 years, respectively), our results showed favorable toxic reactions with 13 (19.2%) grade $3 leukopenia and 14 (20.5%) neutropenia observed during CCRT and less frequent myelosuppression in maintenance chemotherapy.
Our findings also showed that in appropriately selected elderly patients, the potential long-term survival benefits were associated with the treatment regimen. Iwase et al 24 reported their long-term Phase II trial, which also investigated CCRT comprising a 30 Gy radiotherapy over 3 weeks and S-1 and cisplatin for locally advanced esophageal cancer in 2013. The patients received oral S-1 at a dose of 80 mg/m 2 /d for 14 days and a 24-hour cisplatin infusion on day 8 at a dose of 70 mg/m 2 , with an identical course administered after a 2-week break. Their results showed a 1-year OS rate of 78.2% and 5-year OS rate of 29.8%, and the median OS time was 2.3 years, which was in-line with our study. 24 Another retrospective study evaluated the efficacy and safety of sequential chemoradiotherapy or CCRT with capecitabine and cisplatin for geriatric patients with esophageal squamous cell carcinoma; 25 they reported a median PFS of 19.7 months, and the 3-year PFS rate was 34.1%, while the median OS was 33.6 months with a 3-year OS rate of 46.1%. These data were also comparable with our report.
Clinical response evaluation based on Response Evaluation Criteria in Solid Tumors system showed that CR and ORR in this study was 51.5% and 88.2%, respectively. While comparing with cisplatin-based chemotherapy and 60 Gy CCRT, results in our recent systemic review and pooled analysis, which enrolled 1,915 patients from 26 clinical studies, also showed that the CR and ORR were 50.7% and 86.2%, respectively. 26 Iwase et al 24 reported that the ORR rate in patients receiving radiotherapy and S-1/cisplatin was 89.7% with a CR of 61.2% and a PR of 28.5%. Furthermore, we confirmed that age was not significantly associated with survival of elderly patients with esophageal cancer, while the clinical response rate of CR and cycles of S-1 were strong prognostic factors for elderly patients receiving combined therapy of S-1 and radiation, as shown in Tables 4 and 5 . These findings were consistent with the conclusions of a series of studies. 15, 27, 28 This study is subjected to some limitations. One pitfall of this study is the nature of the retrospective design and some potential and unmeasured factors that might have influences on the final results. Besides, another drawback of this study was the lack of available Phase I data focusing on the application of S-1 as monotherapy and maintenance chemotherapy combined with radiotherapy for elderly patients with esophageal cancer in the literature, but we noticed that a completed Phase I clinical trial (NCT 01175447) had also set its initial dosage of S-1 as 80 mg/m 2 /d, and we are still waiting for its final reports.
Conclusion
Our results showed the possibility of a convenient and feasible regimen of CCRT for geriatric esophageal cancer with promising survival outcomes and acceptable toxicities. This treatment regimen should be validated in future prospective clinical studies.
